Objective: To investigate the effect of dietary restraint with or without exercise during weight maintenance after energy restriction. Subjects and methods: In total, 40 obese male subjects (mean BMI 32.3 kg/m 2 ; mean age 39 y) were recruited and randomly divided into a diet (D; n ¼ 20) and a diet plus exercise (DE; n ¼ 20) group. Both groups participated in an energy restriction programme (ER), which was followed by a weight maintenance phase (WM). Subjects in the DE also participated in an exercise programme. Body mass (BM) and the scores on the three factor eating questionnaire (TFEQ) were measured before and after the ER and after WM. Results: No significant differences between both groups were found. All data taken together showed that BM loss during ER was explained by initial BM (r 2 ¼ 0.3, Po0.0005) and inversely by initial cognitive restraint (F1) (r 2 ¼ 0.4, Po0.0005) in a stepwise regression. BM regain during WM was explained by BM loss (r 2 ¼ 0.5, Po0.001) and by increase in F1 during ER (r 2 ¼ 0.6, Po0.001), while the exercise intervention did not contribute further to the explained variation. Subjects with a relatively high diet frequency prior to the study had relatively significant higher initial F1 scores (Po0.05). During ER, increase in F1 was associated with decrease in general hunger (F3). Conclusion: Successful BM loss was associated with higher initial BM and lower initial F1. Successful WM was explained by BM loss and increase in F1 during ER, irrespective of possible exercise training effects. Successful WM was reduced when F1 scores reach their limit, due to diet-frequency.
Introduction
In many Western European countries and in the USA, the prevalence of overweight and obesity has increased over the last decades (Heini & Weinsier, 1997; Seidell, 1998) . It has been suggested that since fat and energy intake have decreased, especially in the USA, that a reduced daily physical activity, rather than an increased energy intake, has played an important role in the increase of obesity. This is called the American paradox (Heini & Weinsier, 1997) . However, measurements of habitual food intake are difficult, especially in obese subjects, because of underreporting energy and fat intake (Goris & Westerterp, 1999 , 2000 , and this may lead to incorrect conclusions . Therefore, the American paradox might be less paradoxical than it seems to be.
Although it has been shown that physical activities decrease with increasing body fatness, subjects with a high body fatness do not spend less energy on physical activity, because of the energy costs of bearing their body mass (Schulz & Schoeller, 1994) . Owing to the presumed role of reduced physical activity in the development of obesity, increase of physical activity as a lifestyle treatment of obesity, with or without a diet, has often been the subject of research (Westerterp, 1999) . Introduced exercise has not always been successful in treating obesity. However, if it is guided and rigorously controlled, exercise-induced weight loss is possible in obese subjects (Garrow & Summerbell, 1995; Fogelholm & Kukkonen-Harjula, 2000; Ross et al, 2000) .
The other lifestyle approach, that is, energy restriction, has been shown to be an effective treatment of obesity in the short term (Van Dale & Saris, 1989; Kempen et al, 1995; Pasman et al, 1999) . On a group level, weight loss can be successful by either energy restriction (Van Dale & Saris, 1989; Kempen et al, 1995; Pasman et al, 1999) or exercise (Ross et al, 2000; Fogelholm & Kukkonen-Harjula, 2000; Garrow & Summerbell, 1995) . Contrarily, on a group level, successful long-term weight maintenance, either with energy restriction, prescribed exercise, or diet and exercise has hardly been shown (Van Dale & saris, 1989; Froidevaux et al, 1993; Hensrud et al, 1994; Muls et al, 1995; Fogelholm et al, 1999; Pasman et al, 1999) . However, on the individual level, differences in successful weight maintenance after an energy restriction period have been shown to be related to increases in cognitive restrained eating behaviour during the energy restriction phase (Clark et al, 1994; Hensrud et al, 1994; Pekkarinen et al, 1996; WesterterpPlantenga et al, 1998; Fogelholm et al, 1999) . Since this relation has been reported mostly from observations in female subjects during weight maintenance (WesterterpPlantenga et al, 1998; Fogelholm et al, 1999; Pasman et al, 1999) , the question remains whether this phenomenon would also appear in men. Moreover, since successful exercise-induced weight loss has been shown in men (Ross et al, 2000) , effects of exercise during weight maintenance is of interest.
In this study, we investigated the effect of dietary restraint, with or without exercise, on body weight maintenance during a postenergy restriction period in men.
Subjects and methods

Subjects
In total, 40 obese male subjects (BMI: 29-35 kg/m 2 , age: 27-50 y), recruited by an advertisement in a local newspaper, participated in this study. All subjects were in good health as assessed by medical history and physical examination. The subjects did not spend more than 2 a week on sports activities and had no physically demanding job. Subjects had a stable body weight (o3 kg change) over the last 3 months and did not receive medication known to influence the variables measured. Subjects were matched with respect to age, body mass index (BMI), body fat percentage, weight and maximal oxygen uptake and randomly divided in two groups, the diet (D) or diet þ exercise group (DE). The study was approved by the Medical Ethics Committee of the University of Maastricht. A written informed consent was obtained from all participants. Three subjects in the D group did not complete the energy restriction intervention (one due to illness (enteritis) and two due to lack of motivation). Two subjects in the D group (due to lack of motivation) and six subjects in the DE group (three due to illness (two due to knee injuries not related to the training programme; one due to nephritis) and three due to lack of motivation) did not complete the weight maintenance period. Subject characteristics are shown in Table 1 .
Experimental design
The study lasted for 53 weeks, and consisted of two phases, an energy restriction phase and a weight maintenance phase.
All subjects in the D and DE group participated in an energy restriction programme for 10 weeks. At the same time, the subjects in the DE group also took part in a low-intensity exercise training programme. During the weight maintenance phase subjects in the DE group continued their lowintensity exercise training programme. The subjects in the D group were instructed not to change their habitual activity pattern over this period. Body weight, body composition and the scores on the three factor eating questionnaire (TFEQ) (Stunkard & Messick, 1985; Westerterp-Plantenga et al, 1999) were measured before the start of the study (week 0), after the energy restriction phase (week 13), and after the weight maintenance phase (week 53).
Diet
All subjects participated in the energy restriction programme. The first 6 weeks subjects received a very lowenergy diet (Modifast, Novartis Nutrition, Breda, The Netherlands). This diet provided 2.1 MJ/day and was a proteinenriched formula diet, containing 50 g carbohydrates, 52 g protein, 7 g fat and a micronutrient content which meets the Dutch recommended daily allowance. From week 7 until week 10, subjects increased their energy intake gradually. They received less formula diet and were instructed to complete this with a free choice of food items. In week 7 and 8 subjects, received 1.4 MJ/day of the formula diet and completed this up to about 3.5 MJ/day by a free choice of food items. In week 9 and 10 they received 0.7 MJ/day of the formula diet and they completed this up to about 4.9 MJ/day by other food items. In week 11 and 12 subjects received a dietary instruction to stabilize body weight.
Exercise training
The subjects in the D group were instructed not to change their habitual activity pattern during the study period. The subjects in the DE group participated, in addition to the energy restriction programme, in an exercise training programme during the study period. They trained four times 1 h/week, three times at the laboratory under the supervision of a professional trainer and once at home. The exercise training programme consisted of cycling on an ergometer (Bodyguard Cardiocycle, Sandnes, Norway or Lode, Groningen, The Netherlands), walking and aqua-jogging. All exercises were executed at a low intensity (40% VO 2max ). The heart rate corresponding with 40% VO 2max was determined in an incremental cycle ergometer test. Training intensity was checked by monitoring the heart rate during the laboratory training sessions (Polar Electro, Oy, Finland). Every 3 months, a maximal aerobic capacity test was performed and exercise intensity was corrected if necessary. Subjects were instructed to execute low-intensity endurance exercise once a week at home. Subjects' attendance at the training sessions was recorded and the trainer inquired regularly about the extra exercise at home.
Measurements
Anthropometric and body composition measurements. Body weight was measured on a digital balance accurate to 0.1 kg (Sauter D-7470, Ebingen, Germany). Height was measured to the nearest 0.1 cm using a wall-mounted stadiometer (Seca, model 220, Hamburg, Germany). BMI was calculated from weight and height (kg/m 2 ). Body density was measured by hydrostatic weighing, with a correction for residual lung volume estimated by helium dilution with a spirometer (Volugraph 2000, Mijnhardt, The Netherlands) at the moment of underwater weighing. Body composition was calculated according to the formula of Siri (1956) .
Body weight regain and weight maintenance. Body weight regain during the weight maintenance period was expressed as the percentage of the weight lost during the energy restriction period: %body weight regain ¼ body weight regain ðkgÞ=body weight loss ðkgÞÂ100%:
Weight maintenance was expressed as the inverse percentage body weight regain of the weight lost:
Weight maintenance ¼ 100 À %body weight regain Eating behaviour. Eating behaviour was characterized using a Dutch translation of the TFEQ (Stunkard & Messick, 1985; Westerterp-Plantemga et al, 1999) . The TFEQ consists of 49 questions representing three different factors relevant to human eating behaviour. The first factor of the TFEQ (F1) measures cognitive restrained eating: control of food intake by thought and will power. The second factor (F2) represents disinhibition: an incidental inability to resist eating cues, or inhibition of dietary restraint (F1), and emotional eating. The third factor (F3) examines the subjective feeling of general hunger. The factors are randomly divided over the questions. The maximum score for F1, F2 and F3 are respectively 21, 14 and 14. Frequency of dieting was assessed separately before the start of the study by the question 'How often are you dieting?'. The answer categories were 'never', 'rarely', 'sometimes', 'most of the time' and 'always'.
Statistical analysis
Data are presented as means 7 standard deviation (s.d.). A factorial ANOVA was used to determine possible difference between the D and DE group in all measured parameters. Possible differences of the variables over time between the groups were analysed with a two-factor repeated-measures ANOVA. Post hoc analyses were done with the Scheffe F-test. A factorial ANOVA was done to test possible differences in cognitive restraint between subjects with high-vs low-diet frequency. The possible relations between the TFEQ scores, body weight loss, body weight regain and body composition were assessed by simple regression analysis. Stepwise regression analyses were done to analyse the relations between body weight loss, initial body weight and initial cognitive restraint and between body weight regain, body weight loss, changes in cognitive restraint and attendance at exercise training. A P-valueo0.05 was regarded as statistically significant. Statistical procedures were performed by using Statview SE þ Graphics (Abacus Concepts, Berkeley, CA, USA, 1988).
Results
The exercise intervention did not induce a significant difference between the D and DE group in any of the parameters measured, that is, body weight loss (P ¼ 0.8), change in BMI (P ¼ 0.6), percentage body fat (P ¼ 0.9), fat mass (P ¼ 0.9), fat free mass (P ¼ 0.4), body weight regain (P ¼ 0.3) and the factors of the TFEQ (F1: P ¼ 0.4; F2: P ¼ 0.5; F3:
A more detailed analysis of the exercise-induced effects has been published by Van Aggel-Leijssen et al (2001 , 2002 . Body weight for the two groups at the different timepoints is shown in Figure 1 .
For further analysis the two intervention groups were taken together. Unless otherwise stated all results of the energy restriction period have been analysed using 37 subjects. The results of the weight maintenance period have been analysed using 29 subjects, due to the drop-out of eight subjects.
Changes in body weight, BMI, body fat percentage, fat mass and fat-free mass at the different timepoints are shown in Table 1 . During the energy restriction phase body weight decreased significantly. The mean body weight loss during the energy restriction phase was 15.0 kg (s.d. 5.8 kg, range 6.2-28.3 kg). At the end of the weight maintenance phase body weight showed a significant decrease compared to week 0, but a significant increase compared to week 13. At week 53, the mean body weight loss was 7.1 kg (s.d. 8.3 kg, range À3.8 to 31.3 kg) compared to week 0. During the weight maintenance phase the mean body weight regain was 8.0 kg (s.d. 4.5 kg, range 14.2 to À3.4 kg). The BMI, body fat percentage, fat mass and fat-free mass also decreased significantly during the energy restriction phase. After the weight maintenance phase BMI, body fat percentage and fat mass showed a significant decrease compared to week 0, but a significant increase compared to week 13. At week 53 fatfree mass was significantly different from week 13, but no longer different from week 0.
The cognitive restraint scores (F1) increased significantly during the energy restriction phase, while the hunger scores (F3) decreased significantly. The disinhibition scores (F2) showed no changes. The cognitive restraint and hunger scores did not change significantly during the weight maintenance phase, but stayed significantly different compared to week 0 (Table 1) .
Body weight loss during the energy restriction period was positively correlated with body weight before the study, thus a higher initial body weight predicts more weight loss (Figure 2a ). There was a negative relation between the body weight loss during the energy restriction period and the cognitive restraint scores (F1) at week 0, indicating that less weight loss is predicted by higher initial cognitive restraint scores (Figure 2b ). Stepwise regression analysis with body weight loss as a function of initial body weight and initial cognitive restraint showed that body weight loss was primarily explained by initial body weight (r 2 ¼ 0.3, Po0.0005) and secondarily by initial cognitive restraint (r 2 ¼ 0.4, Po0.0005).
Subjects with a higher diet frequency (ie 'most of the time' or 'always') prior to the study showed a significantly higher initial cognitive restraint score than the subjects with a lower diet frequency (ie 'never', 'rarely' or 'sometimes') (Factorial Anova, Po0.05).
Weight regain during the weight maintenance phase was negatively correlated with body weight loss during the energy restriction period, indicating that a higher body weight loss predicts less weight regain (Figure 3a) . There was also a negative correlation between weight regain and the increase in cognitive restraint during energy restriction, thus less weight regain is predicted by larger early increases in cognitive restraint (Figure 3b ). Stepwise regression analysis showed that weight regain was primarily explained by body weight loss (r 2 ¼ 0.5, Po0.001) and secondarily by early increase in cognitive restraint (r 2 ¼ 0.6, Po0.001), while attendance at exercise training (total hours) did not add to the explained variation. Moreover, the increase in dietary restraint was not correlated to attendance at exercise training. The increase in cognitive restraint was inversely correlated with initial cognitive restraint scores, indicating that a lower initial cognitive restraint predicts greater increase in cognitive restraint (DF1 (0-13) ¼ À0.6 F1 (0) þ 7.9, r 2 ¼ 0.19, Po0.05).
The increase in cognitive restraint was also related to the decrease in general hunger (indicated by DF3) (DF1 (0-13) ¼ À0.5DF3 (0-13) þ 4.2, r 2 ¼ 0.13, Po0.05). Decreases in general hunger were predicted by higher initial general hunger scores (DF3 (0-13) ¼ À0.
Discussion
The results of the present study demonstrate that weight maintenance in obese men after an energy restriction programme was predicted by body weight loss and by an increase in cognitive restrained eating behaviour during the energy restriction period. This implies that the higher the body weight loss, the less the body weight regain. An explanation for this might be that when body weight loss is only moderate, subjects tend to restore their original body weight as a settling point mechanism (Keesey & Hirvonen, 1997) Since the increase in dietary restraint during the energy restriction programme was correlated with the decrease in hunger, it appeared that weight maintenance, due to an increase in cognitive restraint, was indirectly supported by a decrease in general hunger. Wadden et al (1987) also reported a relatively greater appetite reduction because of a very low-energy diet, which is in line with the decrease in general hunger during the diet intervention, that we report in the present study. Previously, we also showed a relation between increase in cognitive restraint during energy restriction and weight maintenance thereafter in women (Westerterp-Plantenga et al, 1998) . However, in that study no additional exercise protocol was provided. Here we created the situation that weight maintenance could be improved by prescribed low-intensity exercise training in men. But the group that followed the low-intensity exercise training programme did not show a better weight maintenance than the nonexercise group. Because the increase in dietary restraint during weight loss predicts the percentage body weight regain, this implies also a prediction of the rate of body weight regain. This means that the results and conclusions may be the same 2 y after the intervention although the resulting body weight regain would probably be higher then. The prestudy body weight and cognitive restraint scores predicted the body weight loss during the energy restriction phase. Subjects with lower body weight and who were highly cognitively restrained before the start of the study lost less body weight during the diet intervention compared to lower dietary restrained subjects with higher initial body weight.
Prestudy cognitive restraint was related to the frequency of dieting before the study. Obviously, a history of frequent dieting related to prestudy cognitive restraint limited the successfulness of subsequent dieting. When dieting has been infrequent, there is still room for improvement, indicated by a low cognitive restraint at the start, which can still increase. This is in accordance with the data of a study by Pasman et al (1999) , who reported that subjects with a high frequency of dieting prior to a diet intervention showed higher restrained eating behaviour together with a higher disinhibition, and a less successful weight maintenance.
Thus, appears the picture of a possibility for successful dieting when starting with a relatively high BMI and a low dietary restraint, due to little previous dieting. With repeated dieting success decreases. This has been called the weight cycling effect, which was suggested to be caused by the continuously decreasing basal metabolic rate. This has been shown very clearly by Van Gemert et al (2000) in morbidly obese subjects during follow-up after vertical banded gastroplasty. The reduction in sleeping metabolic rate due to a lowered body weight was larger than expected based on the reduction in fat-free mass. They suggest that the disproportional reduction in sleeping metabolic rate, even 12 months after vertical banded gastroplasty when weight loss was very mild, reflected the persistent susceptibility of the formerly obese subjects to weight regain. In studies in obese, but not morbidly obese, subjects a weight cycling history appeared not to be associated with resting energy expenditure (Muls et al, 1995) . Here we suggest an additional mechanism for weight cycling, namely a limit in the possibility to increase cognitive restrained eating behaviour. When the cognitive dietary restraint score approaches the limit (an F1 score of 21), the success of subsequent dieting will decrease. Thus, we have confirmed that factor 1 of the TFEQ, dietary restraint, in relation to factor 3 (general hunger) can be used as an indicator of increased eating control (WesterterpPlantenga et al, 1998) . Since reporting of food intake in humans cannot be expected to be completely reliable because of reasons of privacy (Blundell, 2000) and thus often leads to incorrect conclusions (Goris & Westerterp, 1999 , 2000 , using the TFEQ scores for assessing eating control appears to be sufficiently representative for changing eating behaviour regarding energy intake and food choice. In this study, dietary restraint was stimulated by giving dietary instructions during the energy restriction phase. If subjects had adhered to the dietary instructions, they would have experienced an energy intake restriction of on average 12.8 MJ/day during the first 6 weeks, of 9.9 MJ/day during week 7 and 8, and of 8.0 MJ/day during week 9 and 10.
Together they would have reduced 788 MJ, which should have resulted in a body weight loss of 24 kg . The range of body weight loss, 6.2-28.3 kg, thus shows a range in compliance with the diet. This range in body weight loss was correlated to increase in dietary restraint. So, increase in dietary restraint appeared to be a measurement for compliance, as we showed before (Westerterp-Plantenga et al, 1998) . Data of the present study show that addition of a prescribed low-intensity exercise training to a diet intervention program has no extra effect on changes in body weight and body composition (see also Van AggelLeijssen et al, 2001 , 2002 . This is in accordance with the results of a meta-analysis of weight loss studies using diet, exercise or diet plus exercise interventions over the past 25 years (Miller et al, 1997) , showing that the continuation of low-intensity exercise training during the weight maintenance phase could not limit body weight regain. In a review on associations between physical activity and weight regain, Fogelholm and Kukkonen-Harjula (2000) conclude that the effects of a prescribed exercise programme on weight maintenance are small. An explanation for this may be that subjects tend to compensate the energy costs of exercise training by reducing their activity outside the training sessions, therefore their physical activity index (PAI) does not change (Westerterp, 1999) . Moreover, an increase in physical activity is necessary to compensate for the reduction in activity induced energy expenditure due to weight loss. Increased physical activity is facilitated by lower body mass, but this still does not lead to an increase of PAI. It is likely that with the low-intensity exercise training programme used in our study a higher PAI was also not achieved. Since the combination of diet and exercise usually shows minor extra effects on weight loss (Miller et al, 1997) , we might consider comparisons between effects of diet and of exercise separately instead of diet plus exercise effects. For instance, Garrow and Summerbell (1995) showed that aerobic exercise without dieting causes a modest weight loss, and Ross et al (2000) showed exercise-induced weight loss in obese subjects when exercise without dieting was guided and controlled.
In conclusion, successful body weight loss depended on the starting situation, that is, a higher initial body weight and a lower dietary restraint. Subsequent body weight loss and increase in dietary restraint (related to decrease in general hunger) during weight reduction determined weight maintenance thereafter, irrespective of possible exercise training effects. When dietary restraint scores approach their limit, because of diet frequency, successful weight maintenance is reduced. This may also contribute to body weight cycling.
